To evaluate whether scintigraphy with technetium-99m-labeled ceftizoxime ( Tc-CFT to infected sternums was greater than to their non-infected counterparts. Mean counts of radioactivity in bacteria-infected sternal regions (SB and SWB) were significantly higher (p = 0.0007) than those of the respective controls (S and SW).
Introduction
Longitudinal median sternotomy is the most common surgical approach employed in cardiac procedures 1 because it is readily performed, allows full exposure of the mediastinum, presents a low incidence of morbidity and mortality, and is well tolerated by patients in the postoperative period. However, despite the various advantages of the technique, serious complications, including life-threatening mediastinitis, may arise.
Mediastinitis is a deep sternal wound infection
that is associated with sternal osteomyelitis, with or without involvement of the retrosternal space. Although the incidence of mediastinitis following median sternotomy is comparatively low, typically between 0.4 to 5% 2 , the frequency of mortality may attain 47% even when appropriate treatment is provided 3 .
Moreover, the occurrence of mediastinitis exerts a negative impact on the ensuing survival of patients and on hospital costs 4 .
Diagnosis of mediastinitis is frequently established belatedly because the initial symptoms are non-specific, and the sensitivity and specificity of laboratory and radiological methods of analysis are low [5] [6] [7] . The resulting delay in the commencement of treatment often results in poor prognosis for patients and reduces the chances of survival 7 .
In scintigraphy, the gamma radiation emitted by certain radioisotopes, typically attached to an appropriate marker compound, is captured by a gamma camera and processed to generate two-dimensional images. Technetium-99m (Tc99m), a natural decay product of molybdenum-99 (Mo-99), is a short-lived, gamma-emitting, metastable nuclear isomer of Tc-99. Chemically, Tc-99m is relatively reactive and, being a metal deficient in electrons, interacts mainly with functional groups capable of donating electrons. The isotope has excellent qualities for the acquisition of scintigraphic images which, combined with its availability and low cost of production, has led to its use in over 80% of examinations in nuclear medicine.
Ceftizoxime is a third generation, beta-lactamase-stable semisynthetic cephalosporin that exhibits activity against a wide spectrum of aerobic and anaerobic Gram-positive and Gramnegative bacteria by binding to cell walls. The antibiotic possesses various functional groups that act as electron donors and are able to bind to Tc-99m. Diniz et al. 8 have demonstrated the reliability of scintigraphic imaging with 99m Tc-ceftizoxime for the differentiation of infectious and inflammatory foci using an osteomyelitis-induced animal model system.
In the present study, we have examined the hypothesis that mediastinitis can be diagnosed by scintigraphic imaging using a radiolabeled antibiotic probe. The aim of the investigation was to assess the effectiveness of 99m Tc-ceftizoxime in the detection of subclinical DSWI using a murine model system. 
Methods

Details
Study population and experimental design
The study population comprised 20 two-month old female Wistar rats (weight range 200-230 g) obtained from the Central Animal Facility of UFMG. The animals were housed in wire-mesh cages (maximum of 5 animals per cage) and maintained throughout the experimental period in a temperaturecontrolled room under a normal light cycle and with free access to water and food. The sample population was distributed randomly into four groups, namely, control group S (n = 3; submitted to sternotomy), control group SW (n = 3; submitted to sternotomy with application of bone wax), experimental group SB (n = 7;
submitted to sternotomy with application of bacterial inoculum), and experimental group SWB (n = 7; submitted to sternotomy with application of bone wax plus bacterial inoculum).
Preparation of bacterial inoculum
Cultures of the multisusceptible Staphylococcus aureus strain ATCC6538-P were grown up on Antibiotic Agar no. TcO 2 ) and collected under vacuum.
Surgical procedure
Surgeries were performed using standard aseptic techniques. The animal was anesthetized by intraperitoneal injection of a mixture of xylazine (5 mg/kg) and ketamine (40 mg/ kg), the chest area was shaved, the surgical site was cleaned with 70% isopropyl alcohol and 2% iodine solutions, iodine doesn't interfere with the uptake of the 
Ex vivo radioactive counting and histopathological analysis of sternums
After the gamma images had been obtained, the rats were euthanized by cervical dislocation and the sternums were surgically removed under aseptic conditions, weighed and the amounts of radioactivity taken up by the resected tissues measured using a Wallac 1470 Wizard Gamma Multi-well Counter (Perkin Elmer, São Paulo-SP, Brasil). Radioactive uptake was expressed as cpm/g of tissue.
Resected sternums were fixed in 10% buffered formalin and embedded in paraffin. 
Scintigraphic imaging with technetium-99M-labelled ceftizoxime is a reliable technique for the diagnosis of deep sternal wound infection in rats
Results
Of the 20 rats initially selected for experimentation, one groups were significantly lower than those observed for the S and SW groups, indicating that the radiopharmaceutical was specifically fixed to the bacteria (Table 1) . Moreover, the counts in the ROIs of SB and SWB animals were significantly (ANOVA; p = 0.0007) higher than those of their control counterparts (groups S and SW, respectively) at both 210 and 360 min after injection of 99m Tc-ceftizoxime.
Assay
Level of radioactivity detected Group S (n = 3)
Group SW (n = 3) Group SB (n = 6) Group SWB (n = 7) In vivo assay (counts/10 min) ROI -after 210 min 7902. Tcceftizoxime in rats submitted to sternotomy.
Group S: submitted to sternotomy; group SW: submitted to sternotomy and application of bone wax; group SB: submitted to sternotomy and application of bacterial inoculum; group SWB: submitted to sternotomy and application of bone wax plus bacterial inoculum Data represent mean values ± standard error. Regarding the in vivo assay, in each row, dissimilar upper-case superscript letters with similar numerical indexes indicate statistical differences (ANOVA; p < 0.05). Regarding the ex vivo assay, dissimilar upper-case superscript letters indicate significant differences (Kruskal-Wallis; p < 0.05). As shown in Table 2 , the presence of bacteria in the surgical wounds was significantly associated with high levels of radioactivity in the ROIs (ANOVA; p = 0.0007), while the application of bone wax had no influence on the intensity of radiation (ANOVA; p = 0.168). These results indicated that the retention of 99m Tc-ceftizoxime was significantly higher in the groups infected with bacteria (SB and SWB) in comparison with the non-infected groups (S and SW), and retention of the radiopharmaceutical was not affected by the presence of bone wax.
The ex vitro assays of resected sternums showed that groups SB and SWB retained significantly higher (Kruskal-Wallis; p < 0.05) amounts of radioactivity than the respective control groups S and SW ( Table 2 ), indicating that the uptake of Histopathological analysis of sternum tissues revealed a high tropism of polymorphonuclear infiltrate towards the infected areas of the sternum (Figure 3 ). While the SB and SWB groups presented a severe suppurative inflammatory response, the S and SW groups presented only a mild non-suppurative inflammation. Bone wax, which comprises a mixture of beeswax and emollients such as paraffin, is often used to prevent bleeding from exposed spongy bone following median sternotomy. The wax is not absorbed by the body but, as for any implanted foreign material, may induce a number of side effects including acting as a niche for infections, thereby increasing susceptibility to mediastinitis 11 . Bone wax has been associated with intense inflammatory reactions even years after the performance of a surgical procedure 12 , hence the product could interfere in the uptake of the radiopharmaceutical.
In the present study, however, bone wax had no significant effect on the uptake of Previous studies have evaluated sternal healing in rats submitted to total median sternotomy, which is the procedure normally employed in humans 13 . However, application of this procedure would require orotracheal intubation and mechanical ventilation of the experimental animals, thus rendering the experiment far more complex. Furthermore, the border between the mediastinum and the pleural cavity in rats is very thin and, therefore, invasion of the pleura would be practically unavoidable.
The bacterial inoculum (2.5 x 10 6 CFU) employed in the study was based on a report by Barnea et al. 13 , who estimated that 10 5 to 10 7 CFU was the lowest amount of inoculum required to produce mediastinitis but with minimum animal mortality. h and is almost totally eliminated within 24 h after administration, thus the circulating pool diminishes rapidly favouring the specific uptake of the antibiotic at the infected site.
Conclusions
To the best of our knowledge, the present study represents the first assessment of the use of scintigraphic imaging with Tc-ceftizoxime has the added advantage of being safer and cheaper than other radiopharmaceuticals employed so far.
